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Abstract 
This paper surveys the historical indigenous water-harvesting systems in the Syrian steppe and the important 
hydraulic works recently carried out to exploit the area in terms of agriculture, i.e. to preserve, supply and collect 
water. It also focuses on the evaluation for rehabilitating Syria’s facilities for harvesting surface runoff water, either 
by maintaining the old systems or by implementing new projects. 
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1. Introduction 
The Syrian steppe lies in the eastern part of the country, extending westwards from Iraq. It consists of a large 
plain with a mean height of 250 m above sea level (Fig. 1). In the east, the Euphrates River crosses the Syrian 
steppe, in Arabic badia, a word that also conveys the meaning of wilderness as opposed to the cultivated area where 
villagers and sedentary people live. The steppe is considered a grazing area, having a mean annual rainfall of less 
than 200 mm. The daily temperatures range between 6°C and 8°C in January and between 26°C and 32°C during 
July and August. The steppe is a natural pastureland, which supports most of the Syrian livestock population of 
sheep, goats and camels. The local inhabitants used special techniques to make use of groundwater and river water 
for agricultural purposes, as well as for drinking and the watering of animals. From the 1960s onwards, the 
traditional water-harvesting devices stopped working because of technological progress, and modern hydraulic 
works replaced them. The historical water-harvesting devices are classified into three main types, underground and 
surface channels, reservoirs and water wheels. Each type also includes a sub-classification.  
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Fig. 1. Map of Syria 
2. Reservoirs 
2.1. Ābār Rūmānī   
Ābār (sing. b’ir) Rūmānī are parallel-piped wells dug underground. They have a narrow opening at the top. They 
are usually built on mountain slopes where small streams meet. An impermeable layer of cement often strengthens 
the interior walls of the cisterns, which is often smooth. Wells such are these are located throughout Syria, and 
examples in the steppe are found at Dayr al-zūr and Palmyra (Fig. 2a). Their size differs from place to place, and is 
often related to the nature of the area’s rock formations. These wells are often in a poor state of repair due to the 
accumulation of deposits resulting from erosion [1]  
 
a    b  
Fig.2. (a) B’ir near Palmyra; (b) Khazzān at Suwaida’ 
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2.2. Khazzānāt 
Khazzānāt (sing. khazzān), locally called majahīr, are open, stone-walled reservoirs which receive water from 
nearby springs through channels dug under the surface of the ground. Built to provide water to both people and 
animals, these reservoirs are still in use today in Bosra al-Sham and Suwaida’ (Fig. 2b). 
2.3. Birak  
These reservoirs are large water-storage cisterns open to the sky into which rainwater is channelled [2]. The walls 
of the birak (sing. birka) are constructed of smooth stones. In the middle of the cistern is an elevated outlet (above 
the level of the pool bed), which directs the flow of water and transports it to villages and farms. This typology was 
widely used in southern Syria. Remains of a Roman birka have been found at Androna. One of the best preserved 
Roman birak is the birka al-Hajj at Bosra (Fig. 3b) which is still in use today. 
 
a   b   
Fig. 3. (a) Birka at Androna; (b) Birka at Bosra 
3. Water-wheels 
3.1. Hydraulic norias 
This construction raises water using the power of the river and has been used to irrigate fields [3]. Syrian 
hydraulic norias first appeared in Roman times, between 60-50 B.C. and the early 3rd century A.D., but the exact 
place is still uncertain1. Hydraulic norias are employed where the level of the river is considerably lower than the 
level of the river’s banks. Consequently, they are necessary in order to raise the water to the bank level. They 
existed in Syrian steppe along the Euphrates and Khabūr rivers [3]. The system is composed of a vertical wheel 
made of wood, and an aqueduct made of masonry. The base of the wheel is submerged in the river and turns because 
of the current, water is carried to the top through pots tied to the circumference, and is poured into the channel on 
the top of the aqueduct, and is directed to irrigate fields. A stone structure, rectangular, supports one of the ends of 
the wheel axle. The other end of the axle is placed on the sill of the aperture of the so-called “tower”, that is the 
fronton of the aqueduct. The wheel rotates between the wall supporting the wheel axle and the façade of the tower. 
The rotation velocity of the wheel increases with the velocity of the flowing water. Thus, the most appropriate 
 
 
1  In Syria the installation is called with the Arabic word nā‘ūra (pl. nawā‘īr) which means “the means to irrigate which works by water and 
produces a sound” due to the particular sound which the wheel generates. 
1525 A. de Miranda /  Procedia Engineering  89 ( 2014 )  1522 – 1528 
locations to install the water-wheel are in places where the water stream is narrowest, thereby causing the water 
velocity to reach the highest safe value. The size of the wheel is variable; it depends on the quantity of water, which 
needs to be raised. The diameter can range between a few metres and about 10 metres (Fig. 4a). The wheel may 
seem rustic because of the irregular shape of the beams, which consist of trees in their natural form. In these wheels 
the wood used is usually mulberry, which is easily available near the area. It is necessary for the river to flow at a 
constant speed to move continuously the wheel. In some cases a dam, which is made of masonry, blocks the river to 
maintain an initial sufficient level of water and to increase the speed of water in the main channel. 
 In Syrian steppe, a small number of remains of hydraulic norias with pots have survived on the Khabūr and 
Euphrates rivers. On the lower part of the Khabūr hydraulic norias were numerous, due to the constant speed and 
flow of water and the fact that its banks are high enough to contain the slight floods. Unlike the Khabūr, the 
Euphrates has never had a large number of hydraulic norias because the period of maximum water supply does not 
correspond to the period of maximum demand. In fact, in summer, when water is vital, the river is at its lowest. The 
period of maximum efficiency is late winter. However, at this time, the water is not needed. In addition, the 
excessive rise of the water level when  the  river is in flood would  destroy the  structures  because  of their small 
size. The Euphrates is enclosed by high embankments, which are prone to landslides. Another reason for the scarcity 
of hydraulic norias on the Euphrates is the fact that the water contains silt, which means it is not ideal for irrigation. 
Since the 1960s in Syrian steppe, motor pumps have gradually replaced the hydraulic norias. 
3.2. Norias and sāqiyas 
These constructions indicate the type of installation moved by animals to raise water from streams or from 
underground to irrigate fields or to supply water for small structures. They are composed of a machine moved by the 
power of animals, which turn a horizontal cog-wheel made of wood, which then turns a vertical wheel with cogs. 
The latter transmits the rotation to the main wheel of the structure that is a vertical wheel partially submerged in the 
water or inserted into a well. Around the rim of the main wheel there are some containers which fill up when they 
reach the water. These containers consist of pots or buckets attached with knots, at regular intervals, to a chain, 
which runs around the wheel. The raised water is poured into a tank. From the tank, water passes directly into the 
distribution channels to irrigate fields and gardens. The installation is a “noria” if the vertical cog-wheel and the 
wheel with pots are situated in the same cavity and are connected to each other by a short axle. The installation is a 
sāqiya, if the vertical cogged-wheel and the wheel with pots are connected by a long axle and are inserted in two 
different cavities. The horizontal axle can be underground or elevated. 
 
a    b  
Fig. 4. (a) Hydraulic noria on the Euphrates river at ‘Āna; (b) Noria existing at Salḥīn in the 1970s. 
Very few sources documenting the earliest evidence of the existence of water wheels moved by animals have 
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been found. The scarcity of remains of sāqiyas and norias can be explained by the fact that they were mainly housed 
underground, and consequently it was difficult to find them. In addition, they were mostly composed of wooden 
parts (wheels), i.e. of a perishable material. According to Northedge [4], sāqiya pots from Dibsi Faraj, on the 
Euphrates, dating from the 4th century A.D., are the earliest evidence of the existence in Syria of the animal-driven 
sāqiya [4]. However, there is the possibility that the sāqiya and noria were introduced in Syria earlier, when the 
typology of the fujjāra (pl. fujjarāt) entered Syria in the 6th century B.C.. Thus, although norias were only found in 
western Syria, at Ma‘arrat al-Nu‘mān and at Salḥīn (Fig. 4b), they probably also existed in Syrian steppe, which was 
characterized by numerous fujjarāt.  
4. Underground and surface channels 
4.1. Fujjarāt and qanawāt 
Fujjarāt are underground channels that used to carry water from a natural source to an underground basin. From 
there water was raised by a sāqiya or noria (Fig. 5a). Some vertical shafts are dug into the hill and connect the 
channel to the surface. They were employed both as airshafts and for access to the underground level. The fujjāra is 
slightly different from the qanāt (pl. qanawāt), i.e. a subterranean tunnel that taps the groundwater and leads it to 
human settlements and agricultural lands by gravity. Underground water, coming from natural sources or from rain, 
flows into the channel, which has a slight slope, arrives outside (Fig. 5b) and is deposited in a reservoir or the other 
forms of basin. The tunnel extracts groundwater from a depth of 15 metres and carries it underground until it reaches 
the surface in the middle of the village [5]. Qanawāt can reach a length of more than 10 kilometres. The Persians 
most probably introduced the qanāt into Syria, when Syria was incorporated as a province within their empire in the 
6th century B.C. [6]. Because of the similarity with the qanāt, it is possible that also the fujjāra appeared in the same 
period. In this case, the origin of sāqiyas and norias may date to the 6th century B.C.. Most underground channels are 
no longer in use owing to a drop in the water tables of these regions and to a lack of maintenance. Both fujjarāt and 
qanawāt are located throughout Syria. In Syrian steppe, examples may be found, at Palmyra, al-Kawm, Androna, al-
Tayba and Dayr al-Zūr. 
4.2. Open channels  
These aqueducts consist of carved stone canals to convey irrigation water from the reservoirs (ābār Rūmānī, 
birak or khazzānāt) to agricultural areas. They slightly overlap each other to prevent water leakage. Because gravity 
was the sole source of power conducting water, the reservoir normally had to be higher than the land area to which 
water was transported. These channels were 20 to 40 cm wide. Their cross section can be trapezoidal, rectangular or 
triangular. The longitudinal section assumes a slope ranging between 5-30 cm/Km, to ensure the necessary water 
flow velocity to meet required water needs.  
a    b  
Fig. 5. (a) Long section of a fujjāra; (b) Long section of a qanāt. 
Open channels were used to convey and distribute water to villages, towns and farms. There were numerous in 
Southern Syria, like the examples at Tyre and Qalamun, which are still in good condition. Some open channels are 
still in use for agricultural purposes. On the other hand, many structures were damaged by modern construction 
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works, which eradicated most of them. 
5. Modern hydraulic works  
Because of technological progress and the increasing necessity of water for public and domestic purposes, many 
traditional water-harvesting devices have stopped working and most of them have been abandoned and have quickly 
and considerably deteriorated.  Modern hydraulic works have replaced the old hydraulic works and were carried out 
between the 1960s and 1980s in order to fully exploit the area in terms of agriculture by regulating the flow of the 
rivers, avoiding the winter floods and guaranteeing the quantity of water necessary for irrigation and the production 
of electrical energy. They include the construction of reservoirs created by the new dams built along the rivers, 
which normally fill during the winter and are used for irrigation in the summer, when the dam is opened, and water 
enters the river. In summer, when the river has been sufficiently filled by the reservoirs created by the dams, 
electrical pumps raise and pour water into a network of artificial canals to irrigate the fields. It is also possible to 
find modern hydraulic pumps for irrigation placed close to the old hydraulic norias in order to better exploit the 
quantity of water available in the area. 
On the Euphrates, the most significant hydraulic works are the Tabqa dam and the Baath dam. The Tabqa dam 
was built between 1968 and 1973. It is located 40 kilometres upstream from the city of Raqqah. The dam is 60 
metres high and 4.5 kilometres long and is the largest dam in Syria (Fig. 6). Its construction led to the creation of 
Lake Assad, Syria’s largest water reservoir, which can potentially hold 11.7 cubic kilometres of water. The dam was 
built to irrigate lands on both sides of the Euphrates, as well as generate hydroelectric power. In the 1980s the Bath 
dam was built. Located 18 kilometres downstream from the Tabqa dam, it is 14 metres high and has a storage 
capacity of 0.09 cubic kilometres. It functions as a floodwater control to manage the irregular output of the Tabqa 
dam and as a hydroelectric power station. The reservoir can potentially hold 11.7 cubic kilometres of water. 
Between the 1970s and the 1980s three dams were constructed on the Khabūr. Two dams, Hasakah West and 
Hasakah East, were constructed on the river between Ra's al-'Ayn and Al-Hasakah. The capacity of the reservoir of 
Hasakah West is 0.09 cubic kilometres; that of Hasakah East is 0.2 cubic kilometres. A third dam was constructed 
25 km south of Hasakah. The reservoir of this dam has a capacity of 0.7 cubic kilometres. The Khabūr valley, which 
now has about four million acres (16,000 km²) of farmland, is Syria's main wheat-cultivation area. 
Although the hydraulic works in the Euphrates and Khabūr valleys have been able to regulate the flow of the 
river, water resources are still limited compared to the needs of the country [7]. To implement irrigation systems and 
cope with the increasing need for water, the Syrian government is defining several projects aimed at maintaining the 
old systems, such as the reservoirs and the underground and open channels, considered as one of the Syrian steppe’s 
main water resources, and implementing new projects in order to use surface runoff water and reduce the annual 
water consumption [1]. These projects could mainly consist of exploiting surface water coming from rivers and 
springs, through the installation of new devices such as sprinklers or drip irrigation and the construction of new line 
canals from the headwork to the farms. Underground water could be exploited by the rehabilitation and re-
employment of old wells, in which measuring devices would be installed, and the water subsequently canalised to 
reach the fields for irrigation. Several assessments of Syrian irrigation systems show that it would be more 
economically and environmentally desirable to improve the efficiency of the existing systems than construct new 
ones [8].  
Old irrigation systems which are expected to be re-employed in this initiative do not include water-wheels. This 
is probably due to the fact that the wells belonging to old animal-powered machines provided a limited quantity of 
water compared to the other ancient water-harvesting systems. Regarding hydraulic norias, an eventual 
rehabilitation would be very difficult not only because the big hydraulic works carried out in the Euphrates and 
Khabūr valleys have reduced the level of the river, but also because, owing to the deteriorating state of most 
installations, a restoration aimed at re-activating them would mean reconstructing, in many cases, entire aqueducts 
or demolishing recent constructions abutting on the remains of aqueducts. Apart from the difficulties in 
rehabilitating hydraulic norias for their original purposes, this policy could also diminish the cultural value of the 
structures, as they might be seen as primarily utilitarian. On the other hand, re-evaluating hydraulic norias in terms 
of historical heritage and ancient tradition would make a great contribution to the knowledge of these ancient water 
devices, which sustain a significant position in the history, and culture of Syria. 
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Fig. 6. The Tabqa dam on the Euphrates  
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